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ABSTRACT 

The hypothesis for this study assumed that subjects 
who received a diagram representing the structural relationships of a 
story would be more likely to solve a new and analogous problem than 
subjects who received two analogs without a diagram. The 151 graduate 
students who acted as subjects were randomly assigned to one of four 
treatments: one or two analogs, with or without a diagram. Learners 
receiving the diagram were asked to copy it, to think about it while 
reading the story, and to rate its usefulness. The learners' 
solutions to a new analogous problem were then judged as correct or 
incorrect. No significant differences were found between groups 
receiving one or two story analogs, although a significantly higher 
percentage of subjects receiving the diagram were able to ^olve the 
problem. It was concluded that interaction with a diagrammatic 
representation greatly facilitated the transfer of solutions to an 
analogous problem and that, although multiple similar problem-solving 
experiences may help learners solve new problems analogically, the 
key variable is not the number of experiences, but the manner in 
^*hich they are presented and processed. A list of 26 references is 
provided. (meS) 
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Reasoning by analogy pervades everyday living and learning. We draw on 
past experiences to help us understand new siiuauons. Counseling a friend, we 
think of how we felt in a similar situation. Deciding on which dishwasher to buy, 
we consider criteria used for other household appliance purchases. We transfer our 
knowledge about how to solve a panicular geometry problem to a new setung 
involving architectural design. We examine the industrial revolution for ciues r.boui 
the future of on our own revolution in communications. As Oppenheimer nol^d, 
"analogy is inevitable in human thought" (1956, p. 129). 

Background 

Analogical reasoning is not necessarily spontaneous. Recognizing and 
applying past experience and knowledge to new situations involves a complex set 
of cognitive processes rhat include abstraction, subsumption, and domain 
integration. There is strong support for the effectiveness of formal training in 
deeper levels of analogical processing (Dreistadt, 1969; Gabel & Sherwood, 1980; 
Jorgenson, 1980; Reigeluth, 1983; Royer & Cable, 1976; Schustack & 
Anderson, 1979; Winn, 1982). Interest in analogical transfer in problem-solving 
activity goes as far back as Esher, Raven & Earl (1942). More recent work 
includes Hayes & Simon (1977); Reed, Ernst & Banerji, (1971); Rumelhan & 
Abrahamson (1973); and Sternberg (1977a, 1977b). 

Centner (1983) proposes "structure-mapping" as technique for 
understanding analogies. She distinguishes analogies from other types of 
comparisons, defining an analogy as " . . .a comparison in which relational 
predicates, but few or no object attributes can be mapped from base [the familiiir] to 
target [the new]" (p. 159). The strength of a specific structural relationship is 
determined by the number and degree of smaller, interconnecting relationships 
which it subsumes. Centner also uses structure mapping to describe the 
fundamental elements of simple analogical reasoning. The process depends on 
three basic mapping "rules": 1.) Discard attributes of objects; 2.) Try to preserve 
relations between objects. 3.) Decide which relations are preserved; choose system 
of relations (Systematicity Principle). 

Effect of Prior Knowledge on New, 
Analogous Problems 

Gick and Holyoak (1983) investigated the factors that underlie spontaneous 
recognition of analogies between prior knowledge/experience and new problem 
situations. They were parucularly concerned with what they term semantically 
disparate problems— situations in which prior knowledge has few surface 
similarities with the new situation. 

Gick and Holyoak have found that learners are more likely to recognize 
prior knowledge and experiences as relevant to a new problem if they have acquired 
a schema that is more abstract or more general than the several individual 
experiences that are each relevant to the problem. The assumption is that exposure 
to two or more analogous situations induces e "convergent" schema by encouraging 
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the learner to "map" the analogs and abstract the similarities in fundamental 
structure. 

Unresolved Issues 

A close examination of Gick and Holyoak's methodology in experiment 4 
(1983) raises several issues. Gick and Holyoak found that when learners were 
given two analogies prior to a new problem they were much more likely to 
spontaneously recognize and apply prior knowledge than when they were given 
only one analogy. However, the conditions under which these two groups iiiitially 
learned their respective analogies were very diffei-ent. 

Subjects \n the two-analogy group were given two analogous stories 
involving problem-solving and were asked to: 1.) read each story, 2.) sunimarize 
it, 3.) rate its comprehensibility, and finally, 4.) describe, in writing, the 
similarities bet\yeen the two stories. Immediately following this last activity, 
subjects were given the new problem and asked to solve it. Subjects in the one- 
analogy group were given one story that was analogous to the new problem and 
one disanalogous story. The subjects were then asked to perfomi the same four 
activities and to solve the new problem. 

Consider Step 4, in which learners were asked to "map" similarities 
between the two stories. Gick and Holyoak hypothesized that instructions to find 
similarities would encourage subjects in the two-analogy group to identify and 
abstract relationships relevant to the new problem. However, this instruction may 
have had an unintentional and opposite effect on the one-analogy group. Struggling 
to find similarities between two disanalogous stories may have led tliese subjects to 
distort their representation of the relationships in the analogous story to such an 
extent that they were then unable to recognize its similarities to the new problem. 

I<f_ :aich Questions 

Is it possible that, under different circumstances, exposure to a single 
analog prior to the problem-solving task could yield more favorable results? This 
question is important for what it implies about the cognitive processes involved in 
analogical reasming and for what it suggests about how to use instructional 
techniques to promote these processes. Must learners encounter multiple analogs in 
order to develop a general schema that can be transferred to future problems? Or, is 
a single analog sufficient assuming that learners are helped to identify fundamental 
strucmral relationships. The hypothesis for the current study assumed that subjects 
who received a diagram representing the structural relationships of the story would 
be more likely to solve a new and analogous problem than subjects who received 
two analogs without a diagram. 

Experiment Design 

The subjects were 151 post-baccalaurate students enrolled in a fifth-year 
teacher education program. The experiment employed a 2 X 2 factorial design: The 
first independent variable was the number of story analogs; the second independent 
variable was the type of instruction accompanying the story analogs (diagram vs. 
no diagram). The dependent variable was performance on a new problem-solving 
task. 

Story Analo gs. These stories were adapted from those used by Gick and 
Holyoak. Each story described a goal, resources, constraints, and a solution. One 
story told about neighbors who put out a fire by encircling it and dousing it with 
small buckets of water. The other described how an army faced with narrow roads 



5 



Mathison and Allen-3 

then attacked a fortress in small groups from many directions at once. The basic 
principle underlying both stories was as follows: 

sometimes, when it is impossible to attack a target with a large force 
from one direction, it may be better to disperse forces and attack 
from many directions simultaneously. 

This principle is the only one which yields a satisfactory solution to the 
analogous problem used for the outcome measure. Students were asked how they 
would use "laser" rays to destroy a malignant stomach tumor . They were told that 
one high-intensity laser beam would destroy the tumor but would also destroy 
intervening tissue. They were also told that low-intensity beams are harmless to 
healthy tissue. No hint was given to as to the analogous relationship between the 
stories and the new problem. 

Diagramm atic Representation. The diagram-also adapted from Gick and 
Hc!yoak--represented this principle in visual form accompanied by a text statement 
of the principle (see figure 1). Learners were asked to copy the diagram in a 
provided space and thf*n asked to read the story analog. 

The rnost important changes in the original Gick and Holyoak stories 
involved the insertion of a cue that asked subjects to think about tiie diagram as they 
read the story. (Subjects who did not receive the diagram did not receive this cue.) 

Learners who did not receive the diagram were asked to rate the stories in 
terms of ease of understanding. Learners who did receive the diagram weie asked 
to rate the diagram's usefulness in explaining the problem encountered in the 
stories. All learners were then given tne new problem and asked to solve it. 

Procedures 

Treatments were administered in booklet form to six intact colle^^e classes. 
A table of random numbers was used to assign booklets to subjects. Subjects were 
instructed orally to proceed through the booklet in a linear fashion and to read 
written instructions carefully. Booklets were collected 30 minutes later. 

Analysis of Data 

Learners' solutions to the new problem were judged by two independent 
readers as either correct or incorrect. To be judged correct, a solution had to 
include a 'dispersion' strategy similar to that found in the story a:ialogs. That is, it 
had to include a reference to simultaneous application of smaller forces from 
multiple directions. 

Results 

^ Scores were converted into percentages and submitted to a chi square 
analysis. Table 1 shows the percentage of correct solutions across al! treatment 
groups. 
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Percentage (Numbers) of Correct Solutions 
Across All Treatment Groups 



WITHOUT Diagram WITH Diagram 



One-Story Analog 5.1% (2) 61.1% (22) 

N=39 N=36 



Two-Story Analogs 13.5% (5) 69.2% (27) 

N=37 N=39 



TABLE 1 



Of the 151 subjects, 36^^ (55) produced the correct solution to the problem. 
Tlie effect of the number of story analogs on solution production was estimated by 
comparing the scores of students who received one story ani'iog with the scores of 
students who received two analogs (see Table 2) This comparison revealed no 
significant difference. 

Percentage (Number) of Correct Solutions For Subjects 
Receiving One and Two Story Analogs 



One Analog Two Analogs 



Correct Solutions 42% (24) 57.2% (32) 



TABLE 2 



Table 3 presents an analysis of the effect of the diagram on tlie solution rate. 
Of the subjects receiving the diagram, 65% were able to solve the new problem 
compared to only 9% of those who received no diigram. This distribution was 
significant at the ,01 level. 

Percentage of Correct Solutions 



WITH Diagram WITHOU i Diagram 



Correct Solutions 65.3% (49) 9,2% (7) 



TABLES 
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The results support the hypotheses of this study. The data indicate that the 
number of story analogs received hy subjects had no effect on in their success in 
solving an analogous proble..i. interaction with a diagrammatic representation, 
hov^ever, greatly facilitated the transfer of solutions to the analogous problem. 

Discussion 

This study does not necessarily argue against multiple analogies as a means 
for promoting convergent schema nor does it argue against multiple analogies as a 
tool for promoting analogical transfer. Gick, Holyoak, and others provides 
substantial evidence that exposure to multiple analogs can lead to such schema 
building. However, learners in the treatment group that was most successful in the 
Gick and Holyoak (1983) study received more than a mere presentation oi stor)' 
analogs: they were directed to interact with the stories — asked to write down the 
similarities betN\'een the two problem situations. 

In the present study, the focus of activity was on interaction with the 
diagram (copying it) and on interaction with the diagram and the analogous stories 
(cues to thirdc about the relationship between the diagram and stories; requests to 
rate the usefulness of the diagram in explaining the problem in the story). The 
findings suggest that processing activity and orienting messages may are at least as 
important as a means for inducing convergent schema and promoting analogical 
processing as is the number of analogs. In the present study, when leiu-ners were 
given two stories but no direction to interact with the lext or diagram, they had little 
success in solving the new problem. This finding suggest that, although multiple 
similar problem-solving experiences may help learners solve new problems 
analogically, the key variable is not the number of experiences but the manner in 
which they are presented and processed. 
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